Toolbars in computer graphical user interfaces are usually placed at the top of the program window. Yet our study showed that people typically responded fastest when toolbars are placed on the left or right side, despite the four sides being of equal distance from the center of the screen. Furthermore, responses were slowest when toolbars were placed at the bottom. We also found that participants performed significantly slower when presented with multiple toolbars and when toolbar position was unpredictable.
Toolbars in computer graphical user interfaces are usually placed at the top of the program window. Yet our study showed that people typically responded fastest when toolbars are placed on the left or right side, despite the four sides being of equal distance from the center of the screen. Furthermore, responses were slowest when toolbars were placed at the bottom. We also found that participants performed significantly slower when presented with multiple toolbars and when toolbar position was unpredictable.
Toolbars are a common feature in computer programs. These shortcut icons provide users with quick and easy access to commonly-used commands in a consistent location, usually the top of the program window. But is this top placement just a matter of arbitrary convention that software designers follow, or are there other placements better for graphical user interfaces? If the latter is true then placing toolbars in other positions may be less than optimal. However, if the former is true then developers should be less hesitant about designing interfaces that have toolbars in unconventional places. This study investigated how well people can respond when using interfaces that feature toolbars in a variety of different configurations.
In using any software interface, the location where users look to find certain elements is driven by both bottom-up and top-down factors. Studies on the placement of website elements such as those by Kalbach and Bosenick (2003) , McCarthy, Sasse and Riegelsberger (2004) , and Santa-Maria and Dyson (2008) have investigated such factors, whereas Wolfe (1998) has a comprehensive review on related visual search issues. With bottom-up factors, users depend on their immediate perception of the interface. Physical characteristics such as color, size and shape may draw users' attention towards program menus, buttons or icons. These features and their effects on drawing attention to computer program elements have been studied by others such as Byrne (1993) , and Niemelä and Saarinen (2000) . On the other hand, top-down factors are driven by users' expectations of where they should find the elements. For example, users may expect to find vertical and horizontal scroll bars on the right and bottom sides of the program window because they are used to consistently seeing such elements in these locations across a variety of programs. Bernard (2001 Bernard ( , 2003 , for instance, has investigated user expectations on the locations of webpage elements.
Similarly, where users look to find toolbars depends on bottom-up and top-down factors. The sight of toolbar icons draws attention towards the toolbar, whereas users' expectation of where they should expect to find the toolbar primes their attention towards the location. The observant computer user may note that in most programs the toolbar is located at the top of the program window. This seemingly arbitrary but consistent placement across different programs strengthens users' expectations that toolbars in other programs to be encountered will also be located at the top.
Good software design necessitates constructive consistency. One way to help ensure that this consistency holds across different programs written by different people is for software developers to follow a set of guidelines. These standards include those created by Microsoft (2009) and Apple (2009) for third-party programs developed for their respective operating systems, as well as by Sun Microsystems (2001) for third-party programs written using its Java programming language. In all three guidelines, developers are advised to place toolbars at the top of program windows. However, they offer no reasoning other than implying that programs developed for their platform should have a consistent look.
Yet, if top placement is ideal, why do some programs have their toolbars elsewhere? Microsoft's Windows operating systems feature a toolbar-like element called the taskbar, where users can access shortcut icons as well as currently running programs, while Apple's OS X operating system features a similar element called the Dock. Both elements are located at the bottom of the screen. Other popular programs such as Adobe's Acrobat Reader and Photoshop allow their toolbars to be placed on any side of the program window or even detached completely to "float" anywhere in the window.
But regardless of whether toolbar placements are fixed by convention by software developers or arbitrarily decided as a personal preference by users, the question remains: Is there an optimal place for them? Fitts (1954) provides some guidance to this question. According to Fitts' law, the time needed to move to a target area depends on the distance of the target from the starting point and the target's size. The nearer and the bigger the target, the shorter the time needed to reach it. As a mathematical equation, Fitts' law is defined as MT = a + b log 2 (A/W + 1), based on a common variant by MacKenzie (1992) , where MT is Movement Time or time needed to move to the target, A is Amplitude or distance to the target, W is Width of the target, and "a" and "b" are experimentally determined constants that are dependent on the device used. Taking this definition into the context of toolbar location, Fitts' law suggests that it will take the same amount of time to reach an icon located on any side of an application window if the user begins from the same central starting point and each side of the window is the same distance from the center. This law thus implies that users should be able to select a toolbar icon equally fast regardless of which of the four sides of the program window the toolbar is located.
The basic aim of this study is to investigate this seemingly contradictory situation: although Fitts' law implies that one side of the program window is as good as any other, in practice, there is a noticeable preference for the top position. There has been an abundance of studies done on Fitts' law, mostly involving different input devices , Chapuis, Blanch, & Beaudouin-Lafon, 2007 Epps, 1986; Han, Jorna, Miller, & Tan, 1990; MacKenzie, Kauppinen, & Silfverberg, 2001; MacKenzie, Sellen, & Buxton, 1991; MacKenzie & Soukoreff, 2003 ; For a updated and comprehensive review on Fitts' law studies, see Soukoreff & MacKenzie, 2004) as well at least one involving "real world" environments (Chapuis et al., 2007) , but none have focused specifically on the application of Fitts' law on toolbar locations in the computer graphical user interface, and more importantly comparisons of the effects of the direction of movement in this setting. Although Soukoreff and MacKenzie (2004) have made recommendations based on ISO9241-9 standards that Fitts' law studies handle direction of movement by using a multidirectional (circular) paradigm, this pattern does not reflect real-world application of toolbars in computer programs, most of which are based on a rectangular window layout and hence feature a 4-sided top-down-right-left layout.
In investigating other factors, there is also the question of how the placement of toolbars is affected by the size of the program window. Windows of unequal lengths, such as widescreen displays or the displays on some smartphones, present another situation to consider. Fitts' law would then suggest that when program windows are wider than they are tall, toolbar placements at the top and bottom sides may be optimal. On the other hand, in tablet-style displays, where the screen is taller than it is wide, toolbars may instead be optimally placed on the left and right sides of the screen.
Another area of interest is how the number of toolbars in the program window may affect users' search performance. Generally, the more objects there are competing for one's attention, the slower one's response will be (Treisman & Gelade, 1980; Duncan & Humphreys, 1989) . In the context of toolbars, the more toolbars and icons there are in the program window, the more difficult it may be for users to find any one target icon. Yet, some programs allow users to place multiple toolbars at different sides of the program window.
Thus, four hypotheses were formed to investigate these considerations. First, in scenarios where toolbar location is unpredicatable, it is hypothesized that people will respond fastest when the toolbar is at the top of the screen, because of their prior expectations. Second, it is hypothesized that when people can predict the toolbar location, they will respond at the same speed regardless of which side of the screen the toolbar is located, as expected through Fitts' law. Third, it is hypothesized that people will respond slower when there are multiple toolbars. Fourth, it is hypothesized that people will respond fastest when the toolbar is at the left or right side when the screen is narrower than it is taller.
METHOD Participants
A total of 40 participants (22 female) took part in the study. The mean age was 21 (SD = 5.8) and the age range was 18 to 51. All were students of introductory psychology courses at New Mexico State University who participated for course credit, or were other volunteer students. All participants used computers and the mouse on at least a regular basis and had normal or corrected-to-normal vision acuity.
Materials
The experiment was created using the E-Prime 2.0 experiment builder software. The stimulus screens were modeled after a basic computer program window containing at least one standard-looking grey toolbar with two red-and-white icons. Twenty-six icons were chosen for their neutral content and familiarity to the common computer user, and randomly selected during the experiment. White screens of 800 x 800 pixels were presented in all situations except when screen width was varied as an independent variable. In these cases, the screen size was 1600 x 800 for the "wide" condition and 500 x 800 for the "narrow" condition. Given that it is not possible to set monitor resolutions to some of these specifications due to hardware limitations, these screen resolutions were emulated by using bounded windows sized at the set resolution and surrounded by black space. The experiment was run on a standard Windows Vista-based computer equipped with a standard, corded optical mouse and flat-panel LCD monitor.
Procedure
Before starting the experiment, participants were informed that they would be shown a serial of trials which presented them with random icons on the computer screen and that their task required them to use the mouse to click on the matching icon on a subsequent screen. Each trial of the experiment began with a screen featuring a central fixation cross for one second. A randomly-selected target icon was then shown in the middle of the next screen for one second before being replaced by another fixation cross for another second. Participants were then shown the stimulus screen featuring at least one toolbar and icons, depending on the condition. The mouse was then enabled, with the cursor placed in the middle of the screen, and participants had to use the mouse to click as fast as they could on the matching icon on the target toolbar, located on one of the four sides of the screen. The trial terminated when the participant clicked the mouse. After each trial, participants were shown a feedback screen that stated whether their choice was correct or wrong. All 336 trials were conducted according to the above procedure.
Design
All participants completed all four blocks in the same sequence presented below. All manipulations were withinsubjects.
Block 1: Standard condition. In this block of 48 trials, only one toolbar was presented in the standard 800 x 800 screen. The toolbar appeared an equal number of times at each side of the screen but the location in each trial was randomly selected, without replacement. The independent variable was the side of the screen where the target toolbar was located and the dependent variable was the response time (RT) taken to select the matching icon.
Block 2: Different screen widths. This block is similar to Block 1, except that another independent variable of screen width was introduced. In the "wide" condition the screen width was set at 1600 pixels, while in the "narrow" condition the screen width was 500 pixels. Participants completed two sub-blocks of 48 trials each, one for each of the two screen width conditions. The order of the two sub-blocks was randomly determined.
Block 3: Multiple toolbars. This block is similar to Block 1, except that another independent variable of number of toolbars was introduced. In the two-toolbar condition the stimulus screen contained two toolbars, only one of which contained the matching icon. Similarly, the three-toolbar and four-toolbar conditions contained three and four toolbars but only one of which contained the matching icon. Participants completed three sub-blocks of 48 trials each, one for each of the three toolbar conditions.
Block 4: Fixed location. This block is similar to Block 1, except that another independent variable of location randomness was introduced. Instead of the location of the toolbar being randomly selected for all 48 trials, once a location was randomly chosen without replacement then the toolbar appeared there for 12 trials. Once done, a new location was chosen for another 12 trials, and so on, until the toolbar had appeared on all four sides of the screen.
RESULTS
Three sets of within-subjects analyses of variance (ANOVAs) were performed to explore the effects of the different conditions. Incorrect responses and outliers more than 3 standard deviations from each participant's mean RT were discarded and not used in the statistical analysis. About 5% of the total responses were incorrect and about 1% of all remaining correct trials were outliers. The GreenhouseGeisser statistical correction to the degrees of freedom was used when the sphericity assumption was violated. The Sidak correction for multiple comparisons was also used to control for Type I error inflation in pairwise comparisons.
Analysis 1: Multiple Toolbars
A 4 (number of toolbars) x 4 (target toolbar location) within-subjects ANOVA was performed to explore the effects of having more than toolbar on the screen while varying the location of the target toolbar. For this set of analyses, 7 participants were removed from the original 40 due to equipment error. There were significant main effects of number of toolbars, F(2.2, 70.8) = 490.5, p < .001, and target toolbar location F(3, 96) = 35.6, p < .001, and a significant interaction between them, F(4.3, 136. 3) = 7.6, p < .001 (see Figure 1) .
Four additional 4x1 ANOVAs were conducted to explore the significant interaction. With 1 toolbar, there was a significant main effect of target toolbar location, F(2.3, 74.0) = 21.2, p < .001. All pairwise comparisons were significant at p < .02, except when comparing the left-right pair. RT was fastest with the right and left sides, and slowest with the bottom side. There was also a significant main effect of target toolbar location with 2 toolbars, F(3, 96) = 19.7, p < .001, and 3 toolbars, F(3, 96) = 23.4, p < .001. In both situations, the bottom side was slower than all other sides, all p < .001, and there was no other significant pairwise comparison. With 4 toolbars, there was also a significant main effect of target toolbar location, F(2.5, 78.4) = 17.9, p < .001. All pairwise comparisons were significant at p < .02 except the top-right pair. RT was fastest with the left side and slowest with the bottom side. The interaction appears to be driven by differential effects of multiple toolbars on RT at distinct locations, since the RT for each side appeared to be affected to different degrees depending on the number of toolbars present. Generally, the results show that the more toolbars present the slower the RT, regardless of the location of the target toolbar. On average, RT was fastest when the target toolbar was in the left or right side and slowest when in the bottom side. In addition, regardless of which side the target toolbar was located, RT was significantly slower (all p < .002) with the addition of an additional toolbar.
Analysis 2: Different Screen Widths
A 3 (screen width) x 4 (target toolbar location) withinsubjects ANOVA was performed to explore the effects of different screen widths on participants' RTs while varying the location of the toolbar. There were significant main effects of screen width, F(2, 78) = 85.3, p < .001, and target toolbar location F(3, 117) = 41.6, p < .001, and a significant interaction between them, F(6, 234) = 27.3, p < .001 (see Figure 2) .
As with the previous set of analyses, we conducted further ANOVAs to explore the significant interaction; we utilized three 4x1 within-subjects ANOVAs. With the narrow width condition (500 x 800 pixels), there was a significant main effect of target toolbar location, F(3, 117) = 79.1, p < .001. All pairwise comparisons were significant at p < .001, except when comparing the top-bottom and left-right pairs. RT was fastest with the left and right sides and slowest with the top and bottom sides. With the medium width (800 x 800 pixels), there was also a significant main effect of target toolbar location, F(2.3, 88.6) = 24.5, p < .001 and all pairwise comparisons were significant at p < .017, except when comparing the left-right pair. RT was fastest with the left and right sides and slowest with the bottom side. With the wide width (1600 x 800 pixels), the main effect of target toolbar location was also significant, F(3, 117) = 7.9, p < .001. However, this time the top side was significantly faster than the bottom and left sides at p < .005 and there was no significant difference when comparing any other pair. Generally, the results indicate that the narrower the width of the program window, the faster the RT for the left and right sides. RT appeared to be fastest with the left and right sides until a certain width whereupon the top side will be faster; like in the previous set of analyses, RT was slowest with the bottom side. Whereas participants' RTs to icons in toolbars on the left and right sides of the screen appeared to be greatly affected by width, the top and bottom sides appeared to be little affected by it.
Analysis 3: Fixed / Random Location
A 2 (toolbar location predictability) x 4 (target toolbar location) within-subjects ANOVA was performed to explore the effects of keeping the toolbar in the same location over several consecutive trials versus randomly changing the location. There were significant main effects of toolbar location predictability, F(1, 39) = 42.1, p < .001, and toolbar location F(2.4, 117) = 28.9, p < .001, but no significant interaction between them, F(3, 117) = .647, p = ns (see Figure 3) . We also performed an ANOVA on the RT difference scores (random RT -fixed RT for each location) to determine the significance of the cognitive component of the task. However, there was no significant difference in toolbar location using these figures, F(3, 117) = .647, p = ns, suggesting the apparent differences in our data are likely biomechanical.
Generally, RT was faster when the toolbar location was fixed than when random. RT was fastest with the left and right sides and slowest with the bottom side regardless of whether toolbar location was fixed or random. 
DISCUSSION
We predicted that when people could not predict a toolbar's on-screen location, they would respond fastest when the toolbar was at the top. However, based on our data, this hypothesis was not supported. Instead, our participants responded fastest when the toolbar was at the left or right side of the screen.
We also hypothesized that people would respond at the same speed regardless of which side the toolbar was at when its location was fixed. This prediction was also not supported. Surprisingly, even when people knew that the toolbar would appear at a specific side, they still responded at different speeds for different sides of the screen.
We predicted that people would respond slower when there were multiple toolbars. This hypothesis was supported. The results show that each additional toolbar made RT significantly slower.
Finally, we hypothesized that people would respond fastest when the toolbar was at the left or right side when the screen was narrower than it was taller. This hypothesis was also supported. We determined that people did respond fastest when the toolbar was at either of these two sides under this condition. Moreover, people still responded fastest at these sides when the screen was of equal height and width. However, as expected, the superior performance of the leftright sides appeared to hold only until the screen became too wide, in which case the top side was fastest.
In relation to Fitts' law, our conclusions appear to suggest that different values for the parameters "a" and "b" in the equation MT = a + b log 2 (A/W + 1) may be needed for different sides of the display, as they are needed for different pointing devices. There are several other points to consider regarding this study's findings. One is that there may be biomechanical reasons behind the superiority of the left-right sides and the poorer performance of the bottom side. The faster response times found with the left and right sides in this study may be due to the physical asymmetries in left-right versus top-down movements of the mouse. However, software designers may wish to apply these findings anyway, since the use of a mouse in similar user interfaces will elicit the same advantages for the leftright sides and disadvantages for the bottom side. Future research may be directed to using an eye-tracker to determine if participants are searching the left, right and top sides before proceeding to the bottom. For those interested in this avenue, Jacob and Karn (2003) provide a comprehensive review on the use of eye-trackers in human-computer interaction studies. Researchers may also wish to conduct a similar experiment but in a more ecologically valid environment, perhaps with real-life applications that have toolbars that may be placed on any side of the screen, or as part of a more "real world" series of tasks.
In conclusion, our results suggest that when using a standard corded mouse, placement of icons and toolbars on the left or right side of the screen is preferred when response times are important, despite the prevalence of top placement of toolbars in the real world. However, the placement at the top side is preferred if the screen is significantly wide. Most consistently, the bottom side is to be avoided if response time is a consideration for user performance.
